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Experimental Section
Synthesis of the precursor samples
The precursor samples including S1 ( Figure S1 ) and S2 ( Figure S4a ) were fabricated via two hydrothermal processes, followed by a phosphidation with PH3. The details are as follows: 1 mmol Mn(NO3)2, 2 mmol Co(NO3)2 . 6H2O, 8 mmol NH4F and 10 mmol urea were dissolved in 32 mL deionized water and stirred to form a clear solution. A Ni foam (approximately 1 cm × 4 cm × 1 mm) was carefully cleaned with concentrated HCl solution (37 wt%) in an ultrasound bath for several minutes in order to remove the surface NiO layer. Then, the Ni foam (NF) was cleaned successively by deionized water, acetone and absolute ethanol. After the cleaning, the NF was dried at 60 ºC for 30 min. Then, it and the aqueous reagent solution of Mn(NO3)2, Co(NO3)2 . 6H2O, NH4F and urea were placed together in a 50 mL Teflon-lined stainless-steel autoclave, which was sealed and maintained at 100 ºC for 12 h. This hydrothermal process produced nanorod arrays on the NF ( Figure S1 ). Then, the NF with the nanorods was immersed in a 6 M NaOH solution for 3 minutes to make its surface rough. Subsequently, the NF was transferred into another autoclave containing 1 mmol Mn(NO3)2, 2 mmol Co(NO3)2 . 6H2O, 8 mmol NH4F, 10 mmol urea and 0.1 mmol sodium citrate, which were heated at 100 ºC for 6 h. The second hydrothermal process produced nanosheets on the nanorods ( Figure S1 ). After the process, the NF with the nanorods and nanosheets was rinsed several times with deionized water and ethanol, and was dried at 60 ºC for 6 h. Then, the NF and some NaH2PO2 powders were placed in two neighbouring porcelain boats, respectively, and their molar ratio for Co to P was 1:10. The boat with the powders was at the upstream side of the furnace. Subsequently, the NF and the powders were heated at 300 ºC for 3 h in an Ar atmosphere. As a result, the NF with the nanorods and nanosheets was converted to the S1 precursor sample ( Figure S1 ). The synthesis of S2 is exactly the same as the above.
Synthesis of PtSA-NT-NF
PtSA-NT-NF was synthesized by a potential-cycling method, which was performed using a CHI 760E electrochemical workstation (Shanghai CHI Instruments Company) and a standard three-electrode cell containing N2-saturated 1 M PBS (pH = 7.2) at 25 °C. A precursor sample, such as S1, a Pt foil and an SCE were used as the WE, CE and RE, respectively. The area of the Pt foil and the PBS volume in the cell were 0.2 cm 2 and 200 ml, respectively. On the WE and CE, 2,500, 5,000, 7,500 and 10,000 potential cycles can be carried out between -0.83 and 0 V vs RHE at a scan rate of 150 mV s -1
. As shown in Figure 1 , we have found that 5,000 cycles can convert the precursor sample to PtSA-NT-NF.
NT-NF was synthesized via the same method as the above for PtSA-NT-NF, expect that a graphite rod was used as the CE, and the potential range for the cycling was between -0.53 and 0 V vs RHE to avoid the dissolution of the graphite rod.
Characterizations
XRD patterns were recorded on an X-ray diffractometer (SmartLab 9kW) at a scan rate of 1° min -1 in the 2θ range from 10 to 90°. SEM observations were performed using two field-emission-gun SEM instruments (Quanta FEG 250 and Verios 460L of FEI). TEM and EDS characterizations were achieved using three TEM instruments (JEOL JEM-2100, FEI Talos F200X and FEI Titan Cubed Themis G2 300 with a probe corrector). XPS measurements were performed with a Kratos AXIS Ultra DLD system with the Al Kα radiation as the X-ray source. In order to subtract the surface charging effect, the C 1s peak has been fixed at the binding energy of 284.8 eV. The compositions of samples were measured by VISTA-MPX ICP-OES. The N2-sorption isotherms and pore size distribution curves of NT-NF and PtSA-NT-NF were obtained by the Brunauer-Emmett-Teller (BET) measurement with an Autosorb-iQ-MP Micromeritics analyzer.
Electrochemical measurements
All electrochemical measurements were performed on a CHI 760E electrochemical workstation as ηcorr = η-(iR × 90%), [14b] where η was the applied overpotential, and i was the current density.
ECSA measurement
The ECSA values of NT-NF, PtSA-NT-NF and Pt/C were calculated from the electrochemical double- Because all the samples were supported by NFs in the measurements, the Pt mass activities of Pt/C and PtSA-NT-NF can be calculated using the following equations to be 17 and 70 A g -1 , respectively. 1 M PBS at 25 ºC, after the chronoamperometric measurements (namely the stability tests in Figure   4d ). b) The η values of PtSA-NT-NF and Pt/C at jHER = 10 mA cm -2 before and after the stability tests.
The η values in (b) were obtained from the curves in (a) and Figure 4a . Δη denotes the increase of η. of Pt/C, whereas the former are smaller than the latter at high jHER. These findings indicate that PtSA-NT-NF is also a good electrocatalyst for the HER in acidic and alkaline media. Figure S11 . Results of the potential-cycling synthesis on NPG. a) HER polarization curves of a NPG piece after different numbers of potential cycles were performed on it. The experimental configuration for this synthesis is the same as that in Figure 1a . For example, a Pt foil and a SCE were used as the CE and the RE, respectively. The curves were taken with 5 mV s -1 in N2-saturated 1 M PBS at 25 ºC. They indicate that the potential cycling promoted the HER activity of NPG until 800 cycles, and the two curves after 800 and 1,000 cycles are almost identical. These findings are quite similar to those for PtSA-NT-NF (Figure 1b) . b-d) HAADF image of a NPG piece after 800 potential cycles and its corresponding EDS maps of Au and Pt, showing that Pt appears on the NPG piece. This finding indicates that the potential-cycling method has successfully deposited Pt atoms on the NPG piece. But, the difference between the atomic numbers of Pt and Au is only 1, too small, and the contrast in each HAADF image acquired by aberration-corrected STEM is dependent on relatively large differences between atomic numbers of elements. Thus, atomic-resolution HAADF images to distinguish the Pt atoms on the NPG piece cannot be achieved. [a] "-" means that the corresponding value was not reported in the corresponding reference. [b] "720,000s (100% of 0.17 V at 10 mA cm -2
)" means that the HER operating potential of the corresponding catalyst remained 100% of its initial value of 0.17 V after 720,000 s for delivering a constant jHER of 10 mA cm -2
. [c] "1,000 cycles (100%)" means that the HER polarization curve of the corresponding catalyst remained unchanged after 1,000 potential cycles. [d] "520 (at 2 mA cm -2
)" means that the corresponding catalyst exhibited η = 520 mV for obtaining jHER = 2 mA cm -2
, and the other jHER values in this column are all 10 mA cm -2 .
